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Abstract: Small-cell lung cancer (SCLC) is an aggressive disease with distinct biological and clinical
features. The clinical course of SCLC is generally characterised by initial sensitivity to DNA-damaging
therapies, followed by early relapse and broad cross resistance to second line agents. Whilst there
has been an enormous expansion of effective targeted and immune-based therapeutic options for
non-small cell lung cancer (NSCLC) in the last decade, little improvement has been achieved in
SCLC treatment and survival due, at least in part, to underappreciated inter- and intra-tumoral
heterogeneity. Here we review the current treatment paradigm of SCLC including recent advances
made in utilizing immunotherapy and the challenges of identifying a predictive biomarker for im-
munotherapy response. We examine emerging new targeted therapies, combination immunotherapy
and future directions of SCLC treatment research.
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1. Introduction

Small cell lung cancer (SCLC) is a poorly differentiated neuroendocrine tumour which
represents approximately 15% of all lung cancer diagnoses [1]. It is strongly associated with
smoking and characterized by a predilection for rapid growth, early distant metastases
and acquired drug resistance. Up to one in five have brain metastases at diagnosis [2].
The standard chemotherapy regimen for SCLC, consisting of a platinum agent combined
with etoposide, was defined several decades ago [3]. Despite remarkable initial sensitivity
to chemotherapy and radiotherapy, the response is usually short-lived [4]. The results
of immunotherapy trials in SCLC, whilst positive, have been disappointing with only
modest absolute improvements in survival when compared to outcomes in other tumour
streams. The adding of the programmed death-ligand 1 (PDL1) inhibitor atezolizumab into
platinum-based frontline chemotherapy of extensive stage SCLC (ES-SCLC) has improved
median overall survival from 10.3 months to 12.3 months, with only 34.0% of patients
remaining alive at 18 months [5]. This highlights the critical need for novel agents and
improved therapies for this lethal disease.

2. Pathological and Genomic Profiles of SCLC

SCLC is a highly proliferative epithelial neuroendocrine tumour [6]. A diagnosis of
SCLC is made primarily by examination of haematoxylin and eosin-stained slides by light
microscopy and observation of characteristic appearance of small round uniform cells with
scant cytoplasm, ill-defined cell borders and distinctive nuclear features (fine granular
chromatin lacking prominent nucleoli). The Ki-67 proliferation index is consistently high
(50–100%). Typical immunohistochemistry results show expression of epithelial markers
such as keratin and neuroendocrine markers including synaptophysin, chromogranin A
and insulinoma-associated protein 1 (INSM1).

There has been an increasing understanding of the molecular and genomic heterogene-
ity in SCLC as part of efforts to identify therapeutic vulnerabilities to improve outcomes.
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Key genomic profiling studies of SCLC, including comprehensive whole exome and whole
genomic genome analyses were published in 2012 and 2015 [7,8]. SCLC genomes exhibited
an extremely high mutation rate of 8.62 nonsynonymous mutations per million base pairs.
There was nearly universal functional loss of two key tumour suppressor genes, TP53 and
RB1, sometimes by complex genomic rearrangements. Targetable mutations in known onco-
genes, including BRAF, PTEN, PIK3CA and SLIT2 were only found in rare cases which may
provide a possible therapeutic opportunity of these individual patients. In contrast, a high
frequency of mutations affecting known epigenetic regulators including histone-modifying
genes and inactivating mutations in Notch family members were observed. These targets
are a focus of intense ongoing investigation.

Using gene expression data and non-negative matrix factorization, a novel approach
to classification of subtypes of SCLC was published by Gay et al. in 2021 [9]. Four subtypes
with distinct transcriptional characteristics and therapeutic vulnerabilities were defined
largely by their differential expression of transcription factors ASCL1, NEUROD1 and
POU2F3 (Table 1). The clinical implications of this subtype classification are significant, as
each subtype demonstrates a unique vulnerability to investigational therapies.

Table 1. SCLC Subtype Classification as described by Gay et al. 2021 [9].

Subtype
(Key Gene; % of Sample 1) Key Characteristics Potential Therapeutic

Vulnerabilities

SCLC-A (ASCL1; 51%) Neuroendocrine, epithelial
subtype; TTF1 expression BCL2 inhibitors

SCLC-N (NEUROD1; 23%) Neuroendocrine, lacks TTF1
expression, cMYC expression

Aurora kinase inhibitors
(AURKi)

SCLC-P (POU2F3; 7%) Less neuroendocrine
(NE) expression

PARP inhibitors,
antimetabolites, AURKi

SCLC-I (inflamed; 17%) 2 Less NE expression,
mesenchymal type Immune checkpoint inhibitors

1 Based on the Impower133 dataset; 2 SCLC-I expressed no clear transcriptional signature, but numerous immune
checkpoints.

3. Current Standard Treatment

The American Joint Committee on Cancer (AJCC) and the International Association
for the Study of Lung Cancer (IASLC) recommended the using of TNM staging system
for SCLC as well as non-small cell lung cancer (NSCLC) [10]. In clinical practice, however,
patients with SCLC are typically divided into limited versus extensive disease using the
2-stage Veteran’s Administration Lung Study Group (VALSG) staging system [11]. Limited
stage SCLC (LS-SCLC) is disease confined to ipsilateral hemithorax and reginal lymph
nodes that can be enclosed in one radiation field. ES-SCLC is more prevalent and includes
malignant pleural or pericardial effusion alone, or any distant metastasis.

3.1. Limited Stage SCLC

For patients with LS-SCLC, the current standard treatment is concurrent thoracic
radiotherapy and chemotherapy with cisplatin and etoposide. This is based on a meta-
analysis of 13 trials that showed a 14% reduction in the mortality in patients treated with
radiotherapy in addition to chemotherapy [12]. Cisplatin and etoposide was the preferred
regimen for three decades [13], but carboplatin and etoposide has shown equivalent efficacy
in a randomised trial with limited stage patients [14] and is commonly used in patients
who have a contraindication to cisplatin, or patients who have a poor performance status.

A small fraction of patients limited stage disease (TNM stage I-IIA) may be candidates
for up-front surgical resection. A retrospective analysis from the National Cancer Database
in the United States showed, when matched based on stage, there was an improvement in
median overall survival (OS) to 38 months compared to 22 months for these node-negative
patients who underwent initial surgery [15]. Treatment recommendations are based only
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on retrospective data which are limited by unavoidable selection bias and information
bias. There are no trials comparing alternative treatment regimens or combined modality
treatment for these patients. A mediastinoscopy should be performed prior to resection
to rule out occult nodal disease. Following surgery, adjuvant systemic therapy with
cisplatin and etoposide has shown an improved median OS of 66.0 months compared to
42.1 months if no chemotherapy in a large retrospective analysis [16]. If nodal involvement
is found following surgery, thoracic radiotherapy is recommended, although there is limited
evidence to guide treatment in this pathologically upstaged group [17,18].

3.2. Extensive Stage SCLC

About 85% of patients with SCLC have extensive stage disease at the time of di-
agnosis [19]. Until recently, the standard of care treatment had been platinum-based
chemotherapy. Outcomes of chemotherapy alone are poor, with a median OS of 9.4 months
despite an overall response rate (ORR) of 66.0% based on the COCIS meta-analysis [20].

The addition of immune checkpoint inhibitors to this treatment has been the only
improvement in SCLC for many years that has improved survival, as discussed below,
and summarised in Table 2. The IMpower133 trial, published in 2018, was the first ran-
domised trial to demonstrate progression-free survival (PFS) or OS improvement with
immune checkpoint blockade (ICB) in first line treatment in ES-SCLC [5]. This trial added
atezolizumab to standard of care platinum-based chemotherapy, in this case carboplatin
and etoposide. The improvement of median OS of 2 months (12.3 months vs. 10.3 months;
p = 0.007) was celebrated as the most clinically meaningful survival prolongation in SCLC
for decades.

The CASPIAN trial published in 2019 was a randomised (1:1:1), open-label, three-arm
trial assessing PDL1 blockade with durvalumab, with or without the CTLA4 inhibitor treme-
limumab, in combination with platinum-etoposide (EP) in treatment-naïve ES-SCLC [21,22].
Consistent with findings from IMpower133, adding durvalumab to platinum-etoposide
showed a significant improvement of OS to 12.9 months versus 10.5 months (p = 0.032) in
platinum-etoposide only patients. However, the addition of tremelimumab to durvalumab
plus EP did not significantly improve outcome versus EP. This was the first report of a phase
III trial evaluating dual ICB in combination with chemotherapy in ES-SCLC. The increased
toxicity observed with the addition of a CTLA4 inhibitor resulting in lower total exposure
to durvalumab could have contributed to the absence of significant benefit compared with
platinum-etoposide.

KEYNOTE-604 was published in 2020 and reported on pembrolizumab in combination
with platinum-etoposide also as first line treatment for ES-SCLC [23]. The addition of
pembrolizumab to EP significantly improved PFS (HR = 0.75; p = 0.0023). Although the OS
hazard ratio favoured pembrolizumab plus EP, the prespecified significance threshold of
p = 0.0128 was narrowly missed (HR = 0.80; p = 0.164). The lack of a statistically significant
OS benefit was unexpected based on the results of CASPIAN and IMpower133. The shorter
than expected OS in KEYNOTE-604 may have been due to a high proportion of patients
with brain metastases, larger tumour dimensions, and ≥3 metastases at baseline. Given
this negative result, pembrolizumab is not approved for use in first line ES-SCLC.

CheckMate 451, published in 2021, examined the potential benefit of maintenance
nivolumab and ipilimumab for four cycles followed by nivolumab alone, or nivolumab
alone after chemotherapy or placebo in patients who had responded the first line platinum-
based chemotherapy [24]. There was no statistically significant difference in OS for either
immunotherapy regimen compared to placebo, as summarised in Table 2. As might be
expected, the combination of PDL1 inhibitor and CTLA4 inhibitor arm had significantly
higher grade 3–4 toxicity of 52.2% compared to 11.5% for nivolumab alone and 8.4%
for placebo. This may have contributed to reduced drug exposure in that arm and the
negative result.

Published in 2022, CAPSTONE-1 examined the novel PD-L1 inhibitor adebrelimab
with EP chemotherapy [25]. This study of 462 patients was positive and reported a mOS of
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15.3 mo in the treatment group compared to 12.8 mo for placebo (p = 0.0017, HR 0.72). In
contrast to KEYNOTE-604, there were just five patients in each group with brain metastases
which may go some way to explaining the improved OS in both the intervention and
placebo arms. As identified by the authors, there was also a high proportion of patients
who received subsequent systemic therapies beyond the clinical trial compared to the
trials discussed above. Despite these limitations, as well as the restriction of this study
to only include patients from China, it is clearly supportive of the addition of ICB to EP
for ES-SCLC.

The most recent phase III study of ICB in addition to chemotherapy is ASTRUM-005
published in September 2022 which included 585 patients treated with EP +/− serplulimab,
a fully humanised IgG4 monoclonal antibody against the PD-1 receptor [26]. The im-
munotherapy group reported mOS of 15.4 mo compared to 10.9 for EP alone (p < 0.001). Of
note, 19.8% of patients in the trial were never smokers, a proportion higher than previous
multinational trials with larger fractions of non-Asian patients. An improvement in OS
was seen in this unique patient subgroup, consistent with that in the overall population.

Taking these pivotal immunotherapy trials together, there is clearly benefit from the
addition of checkpoint inhibitors to platinum-based chemotherapy. As has been the case in
other tumour types, the long tails of the Kaplan–Meier curves in these trials suggest that
there is a small subset of patients, whom we are still ill-equipped to identify, that may have
deep and durable responses to ICB. Unfortunately, there has not been any reliable or robust
prognostic biomarkers identified. PD-L1 expression was not predictive of efficacy in these
trials, and likewise tumour mutational burden (TMB) is of limited value [21,25,27].

Table 2. Overview of checkpoint inhibitor trials in ES-SCLC.

Study Year Agents Phase; Line
(n) Key Results

First Line Treatment

IMpower133 [5] 2018 EP +/− atezolizumab III; 1
(403)

EP + atezolizumab: mOS 12.3 mo
EP + placebo: mOS 10.3 mo

(p = 0.0154)

CASPIAN [22] 2019
EP + durvalumab + tremelimumab or

EP + durvalumab or
EP alone

III; 1
(805)

EP + durva + trem: mOS 10.4 mo
EP + durva: mOS 12.9 mo

EP alone: mOS 10.5 mo

KEYNOTE-604 [23] 2020 EP +/− pembrolizumab III; 1
(453)

EP + pembrolizumab: mOS 10.8 mo
EP + placebo: 9.7 mo

(p = 0.0164 1)

CheckMate 451 [24] 2021

EP -> ipilimumab + nivolumab followed by
nivolumab, or

EP -> nivolumab, or
EP -> placebo

III; 1
(849)

EP -> ipi/nivo: mOS 9.2 mo
EP -> nivo: mOS 10.4 mo

EP -> placebo: 9.6 mo

CAPSTONE-1 [25] 2022 EP +/− adebrelimab III; 1
(462)

EP + adebrelimab: mOS 15.3 mo
EP + placebo: mOS 12.8 mo

(p = 0.0017)

ASTRUM-005 [26] 2022 EP +/− serplulimab III; 1
(585)

EP + serplulimab: mOS 15.4 mo
EP + placebo: mOS 10.9 mo

(p < 0.001)

Recurrent Disease

CheckMate 032 [28] 2016 Nivolumab 2 I/II; ≥3
(109) mPFS 1.4 mo; mOS 5.6 mo

KEYNOTE-028,
KEYNOTE-158 [29] 2020 3

Pembrolizumab
(10 mg/kg q2 weeks, n = 19, 200 mg q3

weeks n = 64)

Ib/II; ≥2
(83)

mPFS 2.0 mo, mOS 7.7 mo
(mOS 14.6 mo for PD-L1 CPS ≥ 1)

EP: platinum-etoposide chemotherapy, OS: overall survival, PFS: progression free survival, CPS: combined positive
score; 1 Did not reach pre-specified significance boundary; 2 Pooled data for nivolumab monotherapy—study also
included combination nivolumab/ipilimumab arms; 3 Retrospective pooled analysis of both multicohort studies
(KEYNOTE-028, n = 19; KEYNOTE-158, n = 64).
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4. Recurrent Disease

Despite rapid and impressive initial response to first line platinum-etoposide with or
without immunotherapy, virtually all patients eventually relapse. For recurrent disease,
chemotherapy outcomes are poor and immunotherapy trials’ results have been disappoint-
ing, as summarised in Table 2. Although topotecan is not the most desirable drug in the
second line setting because of its toxicity profile, it has been difficult for new agents to
“beat” this drug [30,31]. Table 3 summarises the approved drugs for ES-SCLC.

Table 3. FDA-approved first and second-line therapies for ES-SCLC [32].

First line Carboplatin or cisplatin, etoposide + atezolizumab or durvalumab

Second line

CAV (cyclophosphamide, doxorubicin, vincristine)
Topotecan

Lurbinectedin *
Nivolumab +

Pembrolizumab
* Ongoing approval pending confirmatory study; + Indication withdrawn after initial approval based on Check-
Mate 451.

4.1. Chemotherapy

Topotecan is the standard second line treatment for ES-SCLC based on a phase III trial
published in 1999 which showed equivalent efficiency (PFS 13.3 vs. 12.3 weeks; p = 0.552)
but improved symptom control. This was by comparison with the more toxic regimen of
CAV (doxorubicin, cyclophosphamide, vincristine) [33,34].

Patients who experience progression ≥ 90 days from the completion of first-line
chemotherapy are generally considered as platinum sensitive. A comparison of rechallenge
with platinum-based chemotherapy compared to second line topotecan was published in
2020 involving 164 platinum sensitive recurrent SCLC patients in France [35]. PFS was
significantly longer in the platinum chemotherapy group being 4.7 months compared
to 2.7 months in the topotecan group. The platinum group had a response rate of 49%
compared to 25% in the topotecan group. There was not, however, a statistically significant
difference in OS at time of analysis.

In patients not fit enough to consider any intravenous chemotherapy, oral topotecan
has shown an ORR of 7% and increased survival from 13.9 weeks to 25.9 weeks with
improved symptom control compared to best supportive care in a small, randomised study
of 141 patients in 2006 [33]. Other single agents can be used sequentially, with diminishing
response rates and duration of response, with very few patients achieving disease control
after the third line of treatment [36].

4.2. Immunotherapy

Like all emerging therapies, ICB was first tested in patients recurrent ES-SCLC who
had failed standard treatment. The modest efficacy observed led to the rapid launching of
trials in the first line setting a few years later, as discussed in Section 3.2. On the basis of
a 2-year OS rate of approximately 20% reported in CheckMate 032 [28] and in the pooled
analysis from the phase Ib KEYNOTE-028 [29] and phase II KEYNOTE-158 [37] trials, the
Food and Drug Administration (FDA), but not the European Medicines Agency (EMA),
initially approved nivolumab in 2018 and pembrolizumab in 2019 as third-line treatments
in patients with ES-SCLC.

However, the phase III confirmatory studies did not show any statistically significant
survival benefit when compared to chemotherapy in the second line setting with nivolumab
(CheckMate 331) [30]. The indication has since been withdrawn for nivolumab, although
pembrolizumab remains an approved option after at least 2 prior lines of therapy, which
must include platinum chemotherapy [38]. Notably, the CheckMate 032, KEYNOTE-028
and KEYNOTE-158 clinical trials excluded patients who had previously received immune
checkpoint blockade.
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4.3. Alkylating Agent—Lurbinectedin

Lurbinectedin is an alkylating drug and an analogue of tetrahydroisoquinoline tra-
bectedin which induces degradation of transcribing RNA Pol II causing DNA damage with
demonstrated antitumour activity in animal models [39]. In a single-arm phase II trial of
105 patients, referred to as Study B-005, lurbinectedin elicited an ORR of 35% and duration
of response of 5.3 months with an acceptable and manageable safety profile [40]. Efficacy
was observed in both platinum-sensitive and resistant populations with ORR of 45% and
22%, respectively [41]. It received FDA accelerated approval as second line treatment
metastatic SCLC in June 2020. Continued approval is contingent upon verification of clini-
cal benefit in a confirmatory trial, LAGOON (NCT05153239) which compares lurbinectedin
as single-agent or in combination with irinotecan versus topotecan or irinotecan alone.
Separate to this, ATLANTIS (NCT02566993) is a randomised phase III trial of lurbinectedin
in combination with doxorubicin as a second-line treatment for ES-SCLC, as compared
with physician’s choice of chemotherapy, either topotecan or CAV. The primary end point
is OS [39].

5. Emerging Therapies
5.1. Antibody–Drug Conjugates (ADCs)

Compared to classic chemotherapy, antibody–drug conjugates (ADCs) are designed to
achieve a wider therapeutic window with minimal off-target side effects.

All ADCs have three main components: an antibody targeted against a tumour-
associated antigen, a linker, and a cytotoxic payload. The ideal antibody target is a cell
surface protein that is overexpressed by tumour cells but not on normal cells thus allowing
more selective killing. The linker binds the antibody to the cytotoxic agents and is usually
either of cleavable (hydrazone, disulfide, and dipeptide) or non-cleavable varieties. Several
cytotoxic payloads have been used ranging from microtubule inhibitors (auristatin) to DNA
cleavage agents (calicheamicin) and topoisomerase inhibitors (camptothecin).

5.1.1. DLL-3 Targeting ADCs

Delta-like ligand 3 (DLL3) is a NOTCH ligand involved in regulating neuroendocrine
differentiation which is expressed in up to 75% of SCLC, whilst exhibiting minimal to
absent surface expression in normal tissues [42]. Notch pathway deregulation is a crucial
event in SCLC tumorigenesis, disease progression and chemoresistance and its inhibition
has been shown to effective in vivo animal models [43,44]. This therefore represents an
appealing novel biomarker and a potential target in SCLC.

Rovalpituzumab tesirine (Rova-T, SC16LD6.5) is the first DLL3-targeted antibody
tethered to a cytotoxic payload (pyrrolobenzodiazepine) by means of a protease-cleavable
linker. The first-in-human phase I trial published in 2017 elicited significant enthusiasm
because of the efficacy results in ES-SCLC- an ORR rate of 18% and an ORR of 38% in DLL3-
high (>50% expression) ES-SCLC [45]. In addition to the striking efficacy, reported toxicity
was minimal in this trial. These promising early results prompted the rapid launching of
several phase I, II and III clinical trials, testing Rova-T in different settings in patients with
extensive SCLC.

Four independent studies were published in the Journal of Thoracic Oncology in 2021,
namely MERU (Rova-T versus placebo as a maintenance treatment in patients with SCLC
after platinum-based chemotherapy regardless of DLL3 expression) [46], TAHOE (Rova-T
versus topotecan as second-line therapy in high DLL3 expression SCLC) [47], and two
phase I/II trials [48,49]. The results demonstrated that Rova-T is not effective against SCLC,
casting a pall over the future of the therapy and closing a door that seemed opened four
years ago.

Rova-T has been evaluated in combination with budigalimab [38] or nivolumab with or
without ipilimumab [48] for previously treated ES-SCLC. Although the response rates were
encouraging, the combination of Rova-T with ICB had high rates of toxicities. For example,
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the triple combination arm reported 92% of patients experienced grade ≥ 3 adverse events,
compared to 53% in the Rova-T and nivolumab alone group.

5.1.2. TROP-2 Directed ADCs

Trophoblastic cell-surface antigen-2 (TROP-2) is a transmembrane calcium signal
transducer that is overexpressed in many epithelia cancers including triple-negative breast
cancer (TNBC), NSCLC, and SCLC [50].

Sacituzumab govitecan is a TROP-2 directed antibody bound to SN-38, the active
metabolite of irinotecan and a topoisomerase I inhibitor, through a hydrolysable linker
(Figure 1). Based on the results of studies IMMU-132-05 and IMMU-13 [51], it has been
approved in certain countries for the treatment of patients with metastatic TNBC [52]
and metastatic urothelial cancer [53]. It has been evaluated in patients with SCLC in the
IMMU-132-01 study and the ORR based on local response was 17.7% and median duration
of response was 5.7 months (range 3.6 to 19.9 months) [51]. A further expansion cohort is
being recruited into IMMU-132-11 phase II study to assess its activity in ES-SCLC.
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5.2. PARP Inhibitors

While SCLC is not characterised by BRCA mutations or homologous recombination
deficiency, aberrant expression of several genes implicated in DNA damage repair is a
common observation. Nearly 100% of cases of SCLC have homozygous loss or inactivation
of RB1, encoding the primary regulator of the G1-S cell cycle checkpoint and TP53, critical
for multiple DNA damage response pathways [7]. The notable sensitivity of SCLC to DNA
damage, including DNA damaging agents such as covalent DNA adducts and crosslinks
(platinum, temozolomide) or single-strand or double-strand breaks (etoposide, topotecan,
irinotecan), suggests that targeted inhibition of DNA pathways may be a particularly
attractive strategy.

Poly (ADP-ribose) polymerase (PARP) is an essential nuclear enzyme for the repair of
single-stranded DNA (ssDNA) breaks through the base excision repair (BER) pathways [54].
PARP inhibitors function by blocking PARP mediated DNA repair and is expected to
sensitize tumour cells to cytotoxic agents which induce DNA damage. PARP inhibitors
have shown some activity in SCLC preclinical models [55]. However, the single agent
activity of PARP inhibitors in SCLC appears to be minimal. Notably, the UK STOMP trial
failed to show an improvement in PFS for patients treated with maintenance olaparib after
the completion of first line platinum-based chemotherapy [56].

PARP inhibitors are being extensively explored in various combinations for treating
SCLC [57]. Combination studies with available results are summarised in Table 4. The addi-
tion of veliparib to temozolomide (TMZ), an oral alkylating agent with single agent activity
in SCLC, showed improved ORR from 14% to 39% in a placebo-controlled randomised
phase II trial, but no significant difference in 4-month PFS was noted [58]. Significantly
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prolonged PFS (5.7 vs. 3.6 months; p = 0.009) and OS (12.2 vs. 7.5 months; p = 0.014) were
observed in patients with SLFN11-positive tumours treated with the TMZ and veliparib
combination, as further discussed below. A combination of TMZ and olaparib has been
studied in a phase II study of 50 patients with recurrent, previously treated SCLC [59]. This
study had an OS of 8.5 months and overall response rate of 41.7%. In these trials, TMZ was
often administered at doses of 75 mg/m2 daily for seven days per 21-day cycle. There is
evidence that lower continuous dose TMZ can potentiate the cytotoxic activity of PARP
inhibitors by forming PARP-DNA-trapping complexes to induce cytotoxicity, proposing
an alternative strategy of combing PARP inhibitors with lower dose, continuous TMZ.
IMP4297-106 is a phase Ib/II open label study to assess the efficacy of senaparib with
TMZ at 30mg flat dose daily, day 1–21 out of a 28-day cycle in patients with advanced
solid tumours with a planned expansion cohort in ES-SCLC after first line platinum-based
chemotherapy [60].

Combination of PARP inhibitors with immune checkpoint inhibitors have had mixed
results. Treatment of SCLC with olaparib led to an upregulation of PD-L1 expression in
in vitro models and subsequent increased sensitivity to combination treatment [61]. In a
phase II trial of 20 patients with refractory SCLC treated with durvalumab an olaparib was
an overall response rate of only 10.5% [62].

Table 4. Published PARP inhibitor combination clinical trials in recurrent ES-SCLC.

Agents Study Design Key Results

Veliparib + temozolomide [58] Phase II, randomized, placebo-controlled
N = 104

TMZ/veliparib mOS 8.2 mo; ORR 39%
TMZ/placebo mOS 7.0 mo; ORR 14%

SLFN11 predicted improved PARPi response

Olaparib + temozolomide [59] Phase I/II, single-arm
N = 48 mOS 6.7 mo; ORR 41% *

Fuzuloparib + SHR-1316 (PD-L1
inhibitor) [63]

Phase Ib, multi-stage
N = 23 mOS 5.6 mo; ORR 6.3% *

Olaparib + durvalumab [62] Phase II, single-arm
N = 20

mOS 4.1 mo; ORR 10.5%
1 CR in BRCA-mutant disease

* Results for patients treated with RP2D; PARPi: PARP inhibitor; CR: complete response.

SLFN11 (schlafen family member 11) has been identified as a novel predictive biomarker
of response to talazoparib [64]. In the same study, Lok et al. also demonstrated in vitro,
using CRISPR gene editing techniques, that loss of SLFN11 was associated with resis-
tance to talazoparib. This finding has been further explored and supported in patients
with recurrent SCLC in a phase II study of temozolomide with or without veliparib. One
hundred and four patients were included and whilst there was no statistically significant
difference between the treatment and placebo groups, a subgroup analysis stratified on
SLFN11 expression showed improved PFS and OS in patients receiving temozolomide and
veliparib whose tumours express SLFN11 [58]. The combination with temozolomide was
based on previous data showing activity in refractory SCLC as well as synergistic activity
in vivo with PARP inhibitors [64,65].

5.3. Anti-Angiogenesis

A 2021 meta-analysis examined the role of bevacizumab with chemotherapy in first-
line ES-SCLC [66]. This included 368 first line patients, and 108 relapsed patients across nine
studies. There was a statistically significant improvement in PFS with HR 0.74 (p = 0.007);
however, no statistically significant survival benefit. For relapsed patients, there was
an ORR of 19% compared to 71% for the untreated patients. A 2017 meta-analysis of
1322 patients who received any anti-angiogenesis agents in randomised controlled trials
similarly concluded that there was no improvement to PFS, OS, or ORR in combination
with chemotherapy [67].
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Table 5 summarises the available data for oral anti-angiogenic agents in recurrent ES-
SCLC. Sunitinib maintenance after chemotherapy as part of first line treatment of ES-SCLC
was studied in a phase II randomised trial in 2015 [68]. This trial randomised 95 patients
to maintenance sunitinib, of who 41 received placebo and 44 received sunitinib. Whilst
there was an improvement in median PFS of 3.7 months compared to 2.1 months (p = 0.02),
there was no statistically significant improvement in median OS (6.9 months for placebo,
9.0 months for sunitinib, p = 0.16).

Table 5. Published anti-angiogenesis trials for recurrent ES-SCLC.

Agents Study Design Key Results

Cediranib [69] Phase II, single-arm
N = 25

mPFS 2 mo; mOS 6 mo;
No confirmed objective responses

Sorafenib [70] Phase II, single-arm
N = 89

Platinum-sensitive: mOS 6.7 mo; ORR 11%
Platinum-resistant: mOS 5.3 mo; ORR 2%

Apatinib [71] Phase II, single-arm
N = 57 mOS 11.2 mo; ORR 14.3%

Anlotinib [72] Retrospective
N = 40 mOS 7.8 mo; ORR 10%

Pazopanib [73] Phase II, single-arm
N = 58

Platinum-sensitive: mOS 8.0 mo; ORR 17.9%
Platinum-resistant: mOS 4.0 mo; ORR 5.3%

Anti-angiogenesis agents, namely bevacizumab, sorafenib and cediranib, have so
far not had a meaningful impact as monotherapy for recurrent SCLC. Cediranib was
examined in a phase II study of 25 patients who had progressed after platinum-based
chemotherapy [69]. This study demonstrated no confirmed objective responses at either a
45 mg or 40 mg dose of cediranib, and had poor mPFS and mOS, respectively.

Sorafenib was trialled on 89 patients with recurrent disease in a phase II SWOG
trial [70]. This trial showed an ORR of 11% using sorafenib 400 mg twice daily continuously
and mOS of 5.3 months and 6.7 months for the platinum resistant and sensitive groups,
respectively. Apatinib, a selective VEGF (vascular endothelial growth factor) receptor-
2 inhibitor, has been examined in a single-arm study of 57 patients with recurrent ES-
SCLC [71]. Encouragingly, this study demonstrated a median OS of 11.2 months in this
pre-treated group treated with apatinib monotherapy.

Anlotinib monotherapy, an antioangiogenic multi-kinase inhibitor, has been retro-
spectively studied in refractory SCLC patients who failed 2 prior lines of treatment [72].
Whilst this is a retrospective study, it reports a median OS of 7.8 months. A phase II trial
of pazopanib also yielded disappointing results. In a study of 58 patients, the median OS
was 6.0 months [73]. Results were slightly better when taking the platinum-sensitive group
alone, with a median OS of 8.0 months. This study included circulating tumour cell (CTC)
analysis, and the number of CTCs significantly correlated with treatment efficacy.

5.4. Tyrosine Kinase Inhibitors

C-kit expression has been reported in up to 88% of SCLC samples and high levels of
expression have correlated with improved OS in retrospective data [74]. Despite these high
levels of expression, imatinib has been demonstrated to have no significant antitumour
activity [75].

The transformation of NSCLC to SCLC has been identified as a cause of EGFR-
targeting TKI resistance. This mainly occurs in the light smoker and histologically combined
subtypes [76]. Despite some patients maintaining the targetable mutation, EGFR-TKIs seem
to have little benefit in small cell lung cancer [77,78].

Other targetable mutations in known oncogenes, including BRAF, PTEN, PIK3CA,
and SLIT2 are rare and their therapeutic value in SCLC is unknown. PIK3CA mutations
were identified in 5 out of 28 SCLC samples [79]. PIK3CA inhibition has subsequently been
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shown to have some effect in pre-clinical models and has raised the potential of PIK3CA
targeting as a therapeutic strategy [80].

5.5. Bispecific T-Cell Engagers

Bispecific T-cell engagers have been shown to be effective in haematological malig-
nancies [81] but the poor distribution and short half-life of the macromolecules has so
far restricted their application for solid tumours [82]. Tarlatamab (formerly AMG 757)
is a novel DLL3-targeted bispecific T-cell engager for which a phase I study in refrac-
tory/recurrent ES-SCLC was published in January 2023 [83]. One hundred and seven
patients received the investigational agent, of which 36% had brain metastases and 72% had
received ≥2 prior lines of therapy. Notable toxicities were cytokine release syndrome (CRS)
in 52%, although only 1% grade ≥3, as well as pyrexia in 40.2%. The mPFS was 3.7 mo and,
impressively, mOS 13.2mo. Importantly, a post hoc analysis suggests that, retrospectively
tested, elevated DLL3 expression correlates with improved responses. However, this is
limited by the retrospective nature and low numbers in this study.

Targeting the same DLL3 protein, AMG 119 is a chimeric antigen receptor (CAR) T cell
therapy currently in a phase I trial [84] with expected completion in 2025 [85]. We eagerly
await these results.

6. Discussion

SCLC has been a challenge for the era of personalised therapy due, at least in part,
to underappreciated inter- and intra-tumour heterogeneity. In contrast to NSCLC, where
biomarker selection for targeted and immune therapies has dramatically altered treatment
approaches, clinical trials for SCLC have largely focused on unselected populations and
have had predictably disappointing results in most cases.

SCLC has one of the highest mutation loads with about 200 non-synonymous mu-
tations per tumour. Conventional thought is that it should therefore be sensitive to im-
munotherapy, which has not been seen in trials thus far. The potential cause of this poor
efficacy comprises a range of factors adverse to immunotherapy, such as low number of
tumour infiltrating lymphocytes, low expressions of PD-L1 and MHC class, presence of
immunosuppressive cell populations and cytokines, as well as avascular tumour areas
from rapid tumour growth for immune evasion [86]. While ICB is now a standard-of-care
for SCLC, predictive biomarkers for this therapeutic class have remained elusive, with
evidence supporting (and opposing) TMB and PD-L1 expression. The stratification and
analysis of survival outcomes based on molecular subtypes and genomic patterns may be a
more nuanced and sophisticated approach which provides reliable prognostic information.
For example, an exploratory analysis of survival based on molecular subtypes used the
classification set out by Gay et al. above in 58 patients who had evaluable RNA data [87].
Limited by very small numbers, the inflamed subtype showed a trend towards higher
median OS than the other three subtypes. However, this requires significant resources and
local expertise to facilitate, and has been explored in only small numbers of patients. Future
immunotherapy trials for SCLC should include pre-specified molecular analysis using a
standardised and available tool to create data which are applicable to clinical practice.

Maintenance durvalumab as consolidation therapy in patients with locally advanced,
unresectable NSCLC without disease progression after two or more cycles of platinum-
based definitive chemoradiation therapy has shown significant OS benefit (HR = 0.68;
p = 0.0025) in the PACIFIC trial [88]. The ADRIATIC study is a phase III trial examining the
benefit of maintenance durvalumab with or without tremelimumab compared to placebo
as maintenance therapy after concurrent chemoradiation for LS-SCLC [89]. Completion
is expected by late 2024. Similarly, the NRG Oncology/Alliance LU005 trial is currently
recruiting for an open label study of chemoradiation with or without atezolizumab mainte-
nance [90].

To advance immunotherapy of SCLC, we need to understand the significance of
the high TMB and the influence of tumour microenvironment, tackle the obstacles of
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modest response rates and survival benefit either in combination or single agent therapy,
lack of reliable biomarkers to predict response, the early emergence of resistance, and
high treatment cost. Effective immunotherapy treatment of SCLC needs supplementary
strategies to checkpoint inhibitors. Whether this is a vaccine in combination with ICB to
overcome the resistance or other cytotoxic agent, it is becoming clear that monotherapy
is inadequate.

ADCs are an appealing treatment tool given their broad applicability across different
tumour types and the possibility to combine with other agents. The most successful
example is ado-trastuzumab emtansine (T-DM1). This HER2-directed ADC incorporates
the HER2 targeted actions of trastuzumab with the microtubule inhibitor DM1 [91]. T-DM1
was approved by FDA in 2013 after demonstrating a 5.8-month improvement in OS in
women with metastatic HER2-postive breast cancer [92]. In 2019, the FDA extended its
approval to include adjuvant treatment based on finding from KATHERINE trial that
compared T-DM1 with trastuzumab. In this trial, women treated with T-DM1 had a 50%
reduced risk of recurrence of cancer or death compared to women treated with trastuzumab
alone [93]. Further improvements were made with trastuzumab deruxtecan (T-DXd), an
ADC with a membrane permeable cytotoxic payload and tetrapeptide-based cleavable
linker [94]. This had a dramatic impact on survival for HER2-positive patients with a HR
for disease progression or death of 0.28 (p < 0.001) in the DESTINY-Breast03 trial which
compared to T-DM1 [95]. More recently, trastuzumab deruxtecan showed encouraging
efficacy in patients with HER2 expressing biliary tract cancer [96]. These treatments for
HER2-expressing cancers demonstrate successful development of highly effective ADCs
in both adjuvant and metastatic setting and across different tumour types. The possible
reasons that may have contributed to the failure of Rova-T in pivotal phase III trials in ES-
SCLC were discussed in an accompanying editorial [97] and included low drug–antibody
ratio (DAR), unacceptably toxic payload and the early cleavage of the linker, releasing the
payload into the circulation leading to systemic toxicity. New ADCs targeting DLL-3 with
better pharmacologic properties, such as a high DAR, a payload with good therapeutic
index and antibody with superior properties, need to be developed.

The failure of Rova-T development strategy in SCLC, on the other hand, also high-
lighted the dangers of moving directly from promising small phase I studies to large
registration phase III studies without confirming the safety and efficacy data in phase II
studies or larger expansion cohorts in seamless phase I/II trial. Although this approach
has worked for agents targeting oncogenic driver mutation, we should not abandon the
principles of good drug development with other agents. The risk is overly optimistic results
based on biased phase I trials, with carefully selected relatively good prognosis patients
not representative of ‘real world’ experience. Additionally, the over-estimated real benefit
of the drug is based on the lack of a control arm.

Combination trials of PARP inhibitors with additional agents have shown promise,
with response rates as high as 40% in the olaparib and TMZ trials. Whilst limited by
low numbers, the biological foundation for these combinations is being established. This
combination is especially attractive in the relapsed setting, given the high prevalence of
intracranial disease in SCLC and the demonstrated CNS-control in the available data so
far [98]. Ongoing trials will read out in the coming months, and if positive, larger studies
should be established to confirm the efficacy of this combination. Despite the negative
result of maintenance PARP inhibitor after first line platinum-based chemotherapy [56],
adding the combination of PARP and TMZ to the current maintenance ICB may further
advance the survival benefit in ES-SCLC.

One obstacle in SCLC research is a paucity of tissue for comprehensive molecular
characterisation, biomarker analysis and a deficiency of clinically relevant model systems
both for the study of basic biology of SCLC and the preclinical drug development to inform
clinical trials. For example, in the successful IMpower-133 trial of atezolizumab, data
on the PD-L1 status of most patients could not be obtained due of insufficient quality
of tumour material [99]. Liquid biopsies, including circulating tumour cells (CTCs) and
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circulating tumour DNA (ctDNA) are increasingly used as surrogates for tumour tissue
and have the advantage of being easily obtained serially to inform on the biology of disease
progression and acquired chemotherapy and immunotherapy resistance. The genetically
chaotic nature of SCLC with multiple chromosomal rearrangements, losses, and gains along
with the near universal alterations seen in TP53 and RB1 offers great opportunities for the
detection of SCLC ctDNA. For example, in a study of serial ctDNA samples from 27 patients,
disease-associated mutations were detected in 85% of patients [100]. Although complex
and technically challenging, the concerted efforts of preclinical and clinical researchers to
conduct orchestrated biomarker-driven trials will hopefully accelerate the advancement in
SCLC treatment.

7. Conclusions

In summary, SCLC is a recalcitrant disease and difficult to treat, especially at the time
of relapse. Combination therapies with strong scientific rationale in robust clinical trials
should continue to be explored. Further research to understand the markers and clinico-
pathological characteristics that govern response or resistance to targeted and immune
therapies represent a fundamental unmet need.
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27. Horn, L.; Mansfield, A.S.; Szczęsna, A.; Havel, L.; Krzakowski, M.; Hochmair, M.J.; Huemer, F.; Losonczy, G.; Johnson, M.L.;
Nishio, M.; et al. First-Line Atezolizumab plus Chemotherapy in Extensive-Stage Small-Cell Lung Cancer. N. Engl. J. Med. 2018,
379, 2220–2229. [CrossRef]

28. Ready, N.; Farago, A.F.; de Braud, F.; Atmaca, A.; Hellmann, M.D.; Schneider, J.G.; Spigel, D.R.; Moreno, V.; Chau, I.; Hann, C.L.;
et al. Third-Line Nivolumab Monotherapy in Recurrent SCLC: CheckMate 032. J. Thorac. Oncol. 2019, 14, 237–244. [CrossRef]

29. Chung, H.C.; Piha-Paul, S.A.; Lopez-Martin, J.; Schellens, J.H.M.; Kao, S.; Miller, W.H.; Delord, J.-P.; Gao, B.; Planchard, D.;
Gottfried, M.; et al. Pembrolizumab After Two or More Lines of Previous Therapy in Patients with Recurrent or Metastatic SCLC:
Results From the KEYNOTE-028 and KEYNOTE-158 Studies. J. Thorac. Oncol. 2020, 15, 618–627. [CrossRef]

30. Spigel, D.; Vicente, D.; Ciuleanu, T.; Gettinger, S.; Peters, S.; Horn, L.; Audigier-Valette, C.; Aranda, N.P.; Juan-Vidal, O.; Cheng, Y.
Second-line nivolumab in relapsed small-cell lung cancer: CheckMate 331I. Ann. Oncol. 2021, 32, 631–641. [CrossRef]

31. Aix, S.P.; Ciuleanu, T.E.; Navarro, A.; Cousin, S.; Bonanno, L.; Smit, E.F.; Chiappori, A.; Olmedo, M.E.; Horvath, I.; Grohé, C.; et al.
Combination lurbinectedin and doxorubicin versus physician’s choice of chemotherapy in patients with relapsed small-cell lung
cancer (ATLANTIS): A multicentre, randomised, open-label, phase 3 trial. Lancet Respir. Med. 2023, 11, 74–86. [CrossRef]

32. Lung Cancer Research Foundation. FDA Approvals in Lung Cancer Treatment. Available online: https://www.
lungcancerresearchfoundation.org/research/why-research/treatment-advances/ (accessed on 29 March 2022).

https://doi.org/10.1056/NEJM199212033272302
https://www.ncbi.nlm.nih.gov/pubmed/1331787
https://doi.org/10.1093/jnci/83.12.855
https://doi.org/10.1016/0169-5002(95)96418-U
https://doi.org/10.1016/j.lungcan.2017.04.021
https://www.ncbi.nlm.nih.gov/pubmed/28577955
https://doi.org/10.1200/JCO.2015.63.8171
https://www.ncbi.nlm.nih.gov/pubmed/26786925
https://doi.org/10.21037/jtd.2017.03.51
https://doi.org/10.1093/annonc/mdr313
https://doi.org/10.1200/JCO.2005.04.4859
https://doi.org/10.1200/JCO.2011.40.4905
https://doi.org/10.1016/S0140-6736(19)32222-6
https://doi.org/10.1016/S1470-2045(20)30539-8
https://www.ncbi.nlm.nih.gov/pubmed/33285097
https://doi.org/10.1200/JCO.20.00793
https://www.ncbi.nlm.nih.gov/pubmed/32468956
https://doi.org/10.1200/JCO.20.02212
https://www.ncbi.nlm.nih.gov/pubmed/33683919
https://doi.org/10.1016/S1470-2045(22)00224-8
https://doi.org/10.1001/jama.2022.16464
https://doi.org/10.1056/NEJMoa1809064
https://doi.org/10.1016/j.jtho.2018.10.003
https://doi.org/10.1016/j.jtho.2019.12.109
https://doi.org/10.1016/j.annonc.2021.01.071
https://doi.org/10.1016/S2213-2600(22)00309-5
https://www.lungcancerresearchfoundation.org/research/why-research/treatment-advances/
https://www.lungcancerresearchfoundation.org/research/why-research/treatment-advances/


Int. J. Mol. Sci. 2023, 24, 8129 14 of 17

33. O’Brien, M.E.; Ciuleanu, T.E.; Tsekov, H.; Shparyk, Y.; Cuceviá, B.; Juhasz, G.; Thatcher, N.; Ross, G.A.; Dane, G.C.; Crofts, T.
Phase III trial comparing supportive care alone with supportive care with oral topotecan in patients with relapsed small-cell lung
cancer. J. Clin. Oncol. 2006, 24, 5441–5447. [CrossRef] [PubMed]

34. von Pawel, J.; Schiller, J.H.; Shepherd, F.A.; Fields, S.Z.; Kleisbauer, J.P.; Chrysson, N.G.; Stewart, D.J.; Clark, P.I.; Palmer, M.C.;
Depierre, A.; et al. Topotecan versus cyclophosphamide, doxorubicin, and vincristine for the treatment of recurrent small-cell
lung cancer. J. Clin. Oncol. 1999, 17, 658–667. [CrossRef] [PubMed]

35. Baize, N.; Monnet, I.; Greillier, L.; Geier, M.; Lena, H.; Janicot, H.; Vergnenegre, A.; Crequit, J.; Lamy, R.; Auliac, J.-B.; et al.
Carboplatin plus etoposide versus topotecan as second-line treatment for patients with sensitive relapsed small-cell lung cancer:
An open-label, multicentre, randomised, phase 3 trial. Lancet Oncol. 2020, 21, 1224–1233. [CrossRef] [PubMed]

36. National Comprehensive Care Network. Small Cell Lung Cancer (Version 2.2022). Available online: https://www.nccn.org/
professionals/physician_gls/pdf/sclc.pdf (accessed on 29 March 2022).

37. Chung, H.C.; Lopez-Martin, J.A.; Kao, S.C.-H.; Miller, W.H.; Ros, W.; Gao, B.; Marabelle, A.; Gottfried, M.; Zer, A.; Delord, J.-P.;
et al. Phase 2 study of pembrolizumab in advanced small-cell lung cancer (SCLC): KEYNOTE-158. J. Clin. Oncol. 2018, 36, 8506.
[CrossRef]

38. Calvo, E.; Spira, A.; Miguel, M.; Kondo, S.; Gazzah, A.; Millward, M.; Prenen, H.; Rottey, S.; Warburton, L.; Alanko, T.; et al.
Safety, pharmacokinetics, and efficacy of budigalimab with rovalpituzumab tesirine in patients with small cell lung cancer. Cancer
Treat. Res. Commun. 2021, 28, 100405. [CrossRef]

39. Farago, A.F.; Drapkin, B.J.; Lopez-Vilarino de Ramos, J.A.; Galmarini, C.M.; Núñez, R.; Kahatt, C.; Paz-Ares, L. ATLANTIS: A
Phase III study of lurbinectedin/doxorubicin versus topotecan or cyclophosphamide/doxorubicin/vincristine in patients with
small-cell lung cancer who have failed one prior platinum-containing line. Future Oncol. 2019, 15, 231–239. [CrossRef]

40. Singh, S.; Jaigirdar, A.A.; Mulkey, F.; Cheng, J.; Hamed, S.S.; Li, Y.; Liu, J.; Zhao, H.; Goheer, A.; Helms, W.S. FDA approval
summary: Lurbinectedin for the treatment of metastatic small cell lung cancer. Clin. Cancer Res. 2021, 27, 2378–2382. [CrossRef]

41. Trigo, J.; Subbiah, V.; Besse, B.; Moreno, V.; López, R.; Sala, M.A.; Peters, S.; Ponce, S.; Fernández, C.; Alfaro, V.; et al. Lurbinectedin
as second-line treatment for patients with small-cell lung cancer: A single-arm, open-label, phase 2 basket trial. Lancet Oncol.
2020, 21, 645–654. [CrossRef]

42. Huang, R.S.P.; Holmes, B.F.; Powell, C.; Marati, R.V.; Tyree, D.; Admire, B.; Streator, A.; Newell, A.E.H.; Perez, J.; Dalvi, D.; et al.
Delta-like Protein 3 Prevalence in Small Cell Lung Cancer and DLL3 (SP347) Assay Characteristics. Arch. Pathol. Lab. Med. 2019,
143, 1373–1377. [CrossRef]

43. Saunders, L.; Bankovich, A.; Anderson, W.; Aujay, M.; Bheddah, S.; Black, K.; Desai, R.; Escarpe, P.; Hampl, J.; Laysang, A.; et al.
A DLL3-targeted antibody-drug conjugate eradicates high-grade pulmonary neuroendocrine tumor-initiating cells in vivo. Sci.
Transl. Med. 2015, 7, 302ra136. [CrossRef]

44. Giffin, M.J.; Cooke, K.; Lobenhofer, E.K.; Estrada, J.; Zhan, J.; Deegen, P.; Thomas, M.; Murawsky, C.M.; Werner, J.; Liu, S.; et al.
AMG 757, a Half-Life Extended, DLL3-Targeted Bispecific T-Cell Engager, Shows High Potency and Sensitivity in Preclinical
Models of Small-Cell Lung Cancer. Clin. Cancer Res. 2021, 27, 1526–1537. [CrossRef] [PubMed]

45. Rudin, C.M.; Pietanza, M.C.; Bauer, T.M.; Ready, N.; Morgensztern, D.; Glisson, B.S.; Byers, L.A.; Johnson, M.L.; Burris, H.A.,
3rd; Robert, F.; et al. Rovalpituzumab tesirine, a DLL3-targeted antibody-drug conjugate, in recurrent small-cell lung cancer: A
first-in-human, first-in-class, open-label, phase 1 study. Lancet Oncol. 2017, 18, 42–51. [CrossRef] [PubMed]

46. Johnson, M.L.; Zvirbule, Z.; Laktionov, K.; Helland, A.; Cho, B.C.; Gutierrez, V.; Colinet, B.; Lena, H.; Wolf, M.; Gottfried, M.;
et al. Rovalpituzumab Tesirine as a Maintenance Therapy After First-Line Platinum-Based Chemotherapy in Patients with
Extensive-Stage–SCLC: Results From the Phase 3 MERU Study. J. Thorac. Oncol. 2021, 16, 1570–1581. [CrossRef] [PubMed]

47. Blackhall, F.; Jao, K.; Greillier, L.; Cho, B.C.; Penkov, K.; Reguart, N.; Majem, M.; Nackaerts, K.; Syrigos, K.; Hansen, K.; et al.
Efficacy and Safety of Rovalpituzumab Tesirine Compared with Topotecan as Second-Line Therapy in DLL3-High SCLC: Results
From the Phase 3 TAHOE Study. J. Thorac. Oncol. 2021, 16, 1547–1558. [CrossRef] [PubMed]

48. Malhotra, J.; Nikolinakos, P.; Leal, T.; Lehman, J.; Morgensztern, D.; Patel, J.D.; Wrangle, J.M.; Curigliano, G.; Greillier, L.; Johnson,
M.L.; et al. A Phase 1–2 Study of Rovalpituzumab Tesirine in Combination with Nivolumab Plus or Minus Ipilimumab in Patients
With Previously Treated Extensive-Stage SCLC. J. Thorac. Oncol. 2021, 16, 1559–1569. [CrossRef] [PubMed]

49. Hann, C.L.; Burns, T.F.; Dowlati, A.; Morgensztern, D.; Ward, P.J.; Koch, M.M.; Chen, C.; Ludwig, C.; Patel, M.; Nimeiri, H.; et al.
A Phase 1 Study Evaluating Rovalpituzumab Tesirine in Frontline Treatment of Patients with Extensive-Stage SCLC. J. Thorac.
Oncol. 2021, 16, 1582–1588. [CrossRef]

50. Bardia, A.; Hurvitz, S.A.; Tolaney, S.M.; Loirat, D.; Punie, K.; Oliveira, M.; Brufsky, A.; Sardesai, S.D.; Kalinsky, K.; Zelnak, A.B.;
et al. Sacituzumab Govitecan in Metastatic Triple-Negative Breast Cancer. N. Engl. J. Med. 2021, 384, 1529–1541. [CrossRef]

51. Gray, J.E.; Heist, R.S.; Starodub, A.N.; Camidge, D.R.; Kio, E.A.; Masters, G.A.; Purcell, W.T.; Guarino, M.J.; Misleh, J.; Schneider,
C.J.; et al. Therapy of Small Cell Lung Cancer (SCLC) with a Topoisomerase-I-inhibiting Antibody-Drug Conjugate (ADC)
Targeting Trop-2, Sacituzumab Govitecan. Clin. Cancer Res. 2017, 23, 5711–5719. [CrossRef]

52. TGA. Trodelvy. 2021. Available online: https://www.tga.gov.au/apm-summary/trodelvy (accessed on 30 August 2022).
53. U.S. FDA Grants Accelerated Approval to Trodelvy®for the Treatment of Metastatic Urothelial; Gilead Sciences, Inc.: Foster City, CA,

USA, 2021.
54. Satoh, M.S.; Lindahl, T. Role of poly(ADP-ribose) formation in DNA repair. Nature 1992, 356, 356–358. [CrossRef]

https://doi.org/10.1200/JCO.2006.06.5821
https://www.ncbi.nlm.nih.gov/pubmed/17135646
https://doi.org/10.1200/JCO.1999.17.2.658
https://www.ncbi.nlm.nih.gov/pubmed/10080612
https://doi.org/10.1016/S1470-2045(20)30461-7
https://www.ncbi.nlm.nih.gov/pubmed/32888454
https://www.nccn.org/professionals/physician_gls/pdf/sclc.pdf
https://www.nccn.org/professionals/physician_gls/pdf/sclc.pdf
https://doi.org/10.1200/JCO.2018.36.15_suppl.8506
https://doi.org/10.1016/j.ctarc.2021.100405
https://doi.org/10.2217/fon-2018-0597
https://doi.org/10.1158/1078-0432.CCR-20-3901
https://doi.org/10.1016/S1470-2045(20)30068-1
https://doi.org/10.5858/arpa.2018-0497-OA
https://doi.org/10.1126/scitranslmed.aac9459
https://doi.org/10.1158/1078-0432.CCR-20-2845
https://www.ncbi.nlm.nih.gov/pubmed/33203642
https://doi.org/10.1016/S1470-2045(16)30565-4
https://www.ncbi.nlm.nih.gov/pubmed/27932068
https://doi.org/10.1016/j.jtho.2021.03.012
https://www.ncbi.nlm.nih.gov/pubmed/33823285
https://doi.org/10.1016/j.jtho.2021.02.009
https://www.ncbi.nlm.nih.gov/pubmed/33607312
https://doi.org/10.1016/j.jtho.2021.02.022
https://www.ncbi.nlm.nih.gov/pubmed/33652156
https://doi.org/10.1016/j.jtho.2021.06.022
https://doi.org/10.1056/NEJMoa2028485
https://doi.org/10.1158/1078-0432.CCR-17-0933
https://www.tga.gov.au/apm-summary/trodelvy
https://doi.org/10.1038/356356a0


Int. J. Mol. Sci. 2023, 24, 8129 15 of 17

55. Allison Stewart, C.; Tong, P.; Cardnell, R.J.; Sen, T.; Li, L.; Gay, C.M.; Masrorpour, F.; Fan, Y.; Bara, R.O.; Feng, Y.; et al. Dynamic
variations in epithelial-to-mesenchymal transition (EMT), ATM, and SLFN11 govern response to PARP inhibitors and cisplatin in
small cell lung cancer. Oncotarget 2017, 8, 28575–28587. [CrossRef]

56. Woll, P.; Gaunt, P.; Steele, N.; Ahmed, S.; Mulatero, C.; Shah, R.; Danson, S.; Hodgkinson, E.; James, K.; Watkins, B.; et al.
P1.07-015 STOMP: A UK National Cancer Research Network Randomised, Double Blind, Multicentre Phase II Trial of Olaparib as
Maintenance Therapy in SCLC. J. Thorac. Oncol. 2017, 12, S704–S705. [CrossRef]

57. Knelson, E.H.; Patel, S.A.; Sands, J.M. PARP Inhibitors in Small-Cell Lung Cancer: Rational Combinations to Improve Responses.
Cancers 2021, 13, 727. [CrossRef] [PubMed]

58. Pietanza, M.C.; Waqar, S.N.; Krug, L.M.; Dowlati, A.; Hann, C.L.; Chiappori, A.; Owonikoko, T.K.; Woo, K.M.; Cardnell, R.J.;
Fujimoto, J.; et al. Randomized, Double-Blind, Phase II Study of Temozolomide in Combination with Either Veliparib or Placebo in
Patients with Relapsed-Sensitive or Refractory Small-Cell Lung Cancer. J. Clin. Oncol. 2018, 36, 2386–2394. [CrossRef] [PubMed]

59. Farago, A.F.; Yeap, B.Y.; Stanzione, M.; Hung, Y.P.; Heist, R.S.; Marcoux, J.P.; Zhong, J.; Rangachari, D.; Barbie, D.A.; Phat, S.; et al.
Combination Olaparib and Temozolomide in Relapsed Small-Cell Lung Cancer. Cancer Discov. 2019, 9, 1372–1387. [CrossRef]
[PubMed]

60. Gao, B.; Lin, C.-C.; Bai, L.-Y.; Chung, W.-P.; Kao, W.-C.; Zielinski, R.; Shim, B.Y.; Hong, M.H.; Kim, S.-W.; Liu, C.-Y.; et al. A study
of senaparib in combination with temozolomide for the treatment of patients with advanced solid tumors and extensive-stage
small cell lung cancer. J. Clin. Oncol. 2022, 40, 3102. [CrossRef]

61. Sen, T.; Rodriguez, B.L.; Chen, L.; Corte, C.M.D.; Morikawa, N.; Fujimoto, J.; Cristea, S.; Nguyen, T.; Diao, L.; Li, L.; et al. Targeting
DNA Damage Response Promotes Antitumor Immunity through STING-Mediated T-cell Activation in Small Cell Lung Cancer.
Cancer Discov. 2019, 9, 646–661. [CrossRef] [PubMed]

62. Thomas, A.; Vilimas, R.; Trindade, C.; Erwin-Cohen, R.; Roper, N.; Xi, L.; Krishnasamy, V.; Levy, E.; Mammen, A.; Nichols, S.; et al.
Durvalumab in Combination with Olaparib in Patients with Relapsed SCLC: Results from a Phase II Study. J. Thorac. Oncol. 2019,
14, 1447–1457. [CrossRef]

63. Xu, Y.; Huang, Z.; Fang, J.; Liu, A.; Lu, H.; Yu, X.; Chen, K.; Xu, X.; Ma, X.; Shi, W.; et al. Tolerability, safety, and preliminary
antitumor activity of fuzuloparib in combination with SHR-1316 in patients with relapsed small cell lung cancer: A multicenter,
open-label, two-stage, phase Ib trial. Transl. Lung Cancer Res. 2021, 11, 1069–1078. [CrossRef]

64. Lok, B.H.; Gardner, E.E.; Schneeberger, V.E.; Ni, A.; Desmeules, P.; Rekhtman, N.; de Stanchina, E.; Teicher, B.A.; Riaz, N.; Powell,
S.N.; et al. PARP Inhibitor Activity Correlates with SLFN11 Expression and Demonstrates Synergy with Temozolomide in Small
Cell Lung Cancer. Clin. Cancer Res. 2017, 23, 523–535. [CrossRef]

65. Zauderer, M.G.; Drilon, A.; Kadota, K.; Huberman, K.; Sima, C.S.; Bergagnini, I.; Sumner, D.K.; Travis, W.D.; Heguy, A.; Ginsberg,
M.S.; et al. Trial of a 5-day dosing regimen of temozolomide in patients with relapsed small cell lung cancers with assessment of
methylguanine-DNA methyltransferase. Lung Cancer 2014, 86, 237–240. [CrossRef]

66. He, J.; Pan, H.; He, J.; Li, S. Effectiveness and safety of bevacizumab in extensive-disease small cell lung cancer: A systemic review
and meta-analysis. Ann. Transl. Med. 2021, 9, 1285. [CrossRef] [PubMed]

67. Li, Q.; Wu, T.; Jing, L.; Li, M.-J.; Tian, T.; Ruan, Z.-P.; Liang, X.; Nan, K.-J.; Liu, Z.-Y.; Yao, Y.; et al. Angiogenesis inhibitors for the
treatment of small cell lung cancer (SCLC): A meta-analysis of 7 randomized controlled trials. Medicine 2017, 96, e6412. [CrossRef]
[PubMed]

68. Ready, N.E.; Pang, H.H.; Gu, L.; Otterson, G.A.; Thomas, S.P.; Miller, A.A.; Baggstrom, M.; Masters, G.A.; Graziano, S.L.;
Crawford, J.; et al. Chemotherapy with or without Maintenance Sunitinib for Untreated Extensive-Stage Small-Cell Lung Cancer:
A Randomized, Double-Blind, Placebo-Controlled Phase II Study-CALGB 30504 (Alliance). J. Clin. Oncol. 2015, 33, 1660–1665.
[CrossRef] [PubMed]

69. Ramalingam, S.S.; Belani, C.P.; Mack, P.C.; Vokes, E.E.; Longmate, J.; Govindan, R.; Koczywas, M.; Ivy, S.P.; Gandara, D.R. Phase II
Study of Cediranib (AZD 2171), an Inhibitor of the Vascular Endothelial Growth Factor Receptor, for Second-Line Therapy of
Small Cell Lung Cancer (National Cancer Institute #7097). J. Thorac. Oncol. 2010, 5, 1279–1284. [CrossRef]

70. Gitlitz, B.J.; Moon, J.; Glisson, B.S.; Reimers, H.J.; Bury, M.J.; Floyd, J.D.; Schulz, T.K.; Sundaram, P.K.; Ho, C.; Gandara, D.R.
Sorafenib in Platinum-Treated Patients with Extensive Stage Small Cell Lung Cancer: A Southwest Oncology Group (SWOG
0435) Phase II Trial. J. Thorac. Oncol. 2010, 5, 1835–1840. [CrossRef]

71. Liu, Q.; Xu, J.-Y.; Xu, Y.-H.; Chen, M.; Deng, L.-C.; Wu, J.-P.; Zhou, T.; Zhang, L.-Q.; Tan, J.; Pu, X.-X.; et al. Efficacy and safety
of apatinib as second or later-line therapy in extensive-stage small cell lung cancer: A prospective, exploratory, single-arm,
multi-center clinical trial. Transl. Lung Cancer Res. 2022, 11, 832–844. [CrossRef]

72. Gao, X.; Peng, L.; Zhang, L.; Huang, K.; Yi, C.; Li, B.; Meng, X.; Li, J. Real-world efficacy and safety of anlotinib as third- or
further-line treatment in refractory small cell lung cancer. J. Cancer Res. Clin. Oncol. 2022, 148, 2661–2671. [CrossRef]

73. Koinis, F.; Agelaki, S.; Karavassilis, V.; Kentepozidis, N.; Samantas, E.; Peroukidis, S.; Katsaounis, P.; Hartabilas, E.; Varthalitis, I.I.;
Messaritakis, I.; et al. Second-line pazopanib in patients with relapsed and refractory small-cell lung cancer: A multicentre phase
II study of the Hellenic Oncology Research Group. Br. J. Cancer 2017, 117, 8–14. [CrossRef]

74. Burger, H.; den Bakker, M.A.; Stoter, G.; Verweij, J.; Nooter, K. Lack of c-kit exon 11 activating mutations in c-KIT/CD117-positive
SCLC tumour specimens. Eur. J. Cancer 2003, 39, 793–799. [CrossRef]

https://doi.org/10.18632/oncotarget.15338
https://doi.org/10.1016/j.jtho.2016.11.926
https://doi.org/10.3390/cancers13040727
https://www.ncbi.nlm.nih.gov/pubmed/33578789
https://doi.org/10.1200/JCO.2018.77.7672
https://www.ncbi.nlm.nih.gov/pubmed/29906251
https://doi.org/10.1158/2159-8290.CD-19-0582
https://www.ncbi.nlm.nih.gov/pubmed/31416802
https://doi.org/10.1200/JCO.2022.40.16_suppl.3102
https://doi.org/10.1158/2159-8290.CD-18-1020
https://www.ncbi.nlm.nih.gov/pubmed/30777870
https://doi.org/10.1016/j.jtho.2019.04.026
https://doi.org/10.21037/tlcr-22-356
https://doi.org/10.1158/1078-0432.CCR-16-1040
https://doi.org/10.1016/j.lungcan.2014.08.007
https://doi.org/10.21037/atm-21-963
https://www.ncbi.nlm.nih.gov/pubmed/34532422
https://doi.org/10.1097/MD.0000000000006412
https://www.ncbi.nlm.nih.gov/pubmed/28353568
https://doi.org/10.1200/JCO.2014.57.3105
https://www.ncbi.nlm.nih.gov/pubmed/25732163
https://doi.org/10.1097/JTO.0b013e3181e2fcb0
https://doi.org/10.1097/JTO.0b013e3181f0bd78
https://doi.org/10.21037/tlcr-22-313
https://doi.org/10.1007/s00432-021-03848-4
https://doi.org/10.1038/bjc.2017.137
https://doi.org/10.1016/S0959-8049(03)00026-1


Int. J. Mol. Sci. 2023, 24, 8129 16 of 17

75. Krug, L.M.; Crapanzano, J.P.; Heelan, R.T.; Azzoli, C.G.; Miller, V.A.; Rizvi, N.; Gomez, J.; Kris, M.G.; Pizzo, B.; Tyson, L.; et al.
Imatinib mesylate lacks activity in small cell lung carcinoma expressing c-kit protein: A phase II clinical trial. Cancer 2005,
103, 2128–2131. [CrossRef]

76. Tatematsu, A.; Shimizu, J.; Murakami, Y.; Horio, Y.; Nakamura, S.; Hida, T.; Mitsudomi, T.; Yatabe, Y. Epidermal growth factor
receptor mutations in small cell lung cancer. Clin. Cancer Res. 2008, 14, 6092–6096. [CrossRef] [PubMed]

77. Zhang, B.; Xu, J.; Wang, S.; Zhang, Y.; Qian, J.; Qiao, R.; Lu, J.; Zhang, L.; Zhao, Y.; Han, B. Characteristics and outcome of small
cell lung cancer patients (SCLC) transformed from adenocarcinoma after tyrosine kinase inhibitor treatment. Ann. Oncol. 2018,
29, ix157. [CrossRef]

78. Moore, A.M.; Einhorn, L.H.; Estes, D.; Govindan, R.; Axelson, J.; Vinson, J.; Breen, T.E.; Yu, M.; Hanna, N.H. Gefitinib in patients
with chemo-sensitive and chemo-refractory relapsed small cell cancers: A Hoosier Oncology Group phase II trial. Lung Cancer
2006, 52, 93–97. [CrossRef] [PubMed]

79. Shibata, T.; Kokubu, A.; Tsuta, K.; Hirohashi, S. Oncogenic mutation of PIK3CA in small cell lung carcinoma: A potential
therapeutic target pathway for chemotherapy-resistant lung cancer. Cancer Lett. 2009, 283, 203–211. [CrossRef]

80. Walls, M.; Baxi, S.M.; Yin, M.-J.; Mehta, P.P.; Liu, K.K.C.; Jinjiang, Z.H.U.; Estrella, H.; Chunze, L.I.; Zientek, M.; Qing, Z.; et al.
Targeting Small Cell Lung Cancer Harboring PIK3CA Mutation with a Selective Oral PI3K Inhibitor PF-4989216. Clin. Cancer Res.
2014, 20, 631–643. [CrossRef]

81. Koprivnikar, J.; Marcotulli, D.; Jones, E.; Perry, G.; Kuo, Y.-H.; Gagnon, J.; Aviador, M.; Stanislaus, G.; McCloskey, J. Blinatumumab
Induces Responses in Extramedulary B-Cell Acute Lymphoid Leukemia (B-ALL) and Lymphoid Blast Crisis Chronic Myelogenous
Leukemia (CML), and Rarely Results in CD19 Negative Relapse. Blood 2018, 132, 2703. [CrossRef]

82. Huehls, A.M.; Coupet, T.A.; Sentman, C.L. Bispecific T-cell engagers for cancer immunotherapy. Immunol. Cell Biol. 2015,
93, 290–296. [CrossRef]

83. Paz-Ares, L.; Champiat, S.; Lai, W.V.; Izumi, H.; Govindan, R.; Boyer, M.; Hummel, H.-D.; Borghaei, H.; Johnson, M.L.; Steeghs, N.;
et al. Tarlatamab, a First-In-Class DLL3-Targeted Bispecific T-Cell Engager, in Recurrent Small Cell Lung Cancer: An Open-Label,
Phase I Study. J. Clin. Oncol. 2023. [CrossRef]

84. Byers, L.A.; Chiappori, A.; Smit, M.-A.D. Phase 1 study of AMG 119, a chimeric antigen receptor (CAR) T cell therapy targeting
DLL3, in patients with relapsed/refractory small cell lung cancer (SCLC). J. Clin. Oncol. 2019, 37, TPS8576. [CrossRef]

85. Amgen. A Phase 1 Study Evaluating the Safety, Tolerability and Effeciacy of AMPG 119 in Subjects with RR SCLC USA: U.S.
National Library of Medicine. 2021. Available online: https://clinicaltrials.gov/ct2/show/NCT03392064 (accessed on 30 March
2023).

86. Hamilton, G.; Rath, B. Immunotherapy for small cell lung cancer: Mechanisms of resistance. Expert Opin. Biol. Ther. 2019,
19, 423–432. [CrossRef]

87. Xie, M.; Chugh, P.; Broadhurst, H.; Lai, Z.; Whitston, D.; Paz-Ares, L.; Gay, C.; Byers, L.; Rudin, C.M.; Stewart, R.; et al. Abstract
CT024: Durvalumab (D) + platinum-etoposide (EP) in 1L extensive-stage small-cell lung cancer (ES-SCLC): Exploratory analysis
of SCLC molecular subtypes in CASPIAN. Cancer Res. 2022, 82, CT024. [CrossRef]

88. Kim, Y.-H.; Antonia, S.J. Durvalumab after Chemoradiotherapy in Stage III Non–Small-Cell Lung Cancer. N. Engl. J. Med. 2019,
380, 989–990. [CrossRef] [PubMed]

89. Senan, S.; Shire, N.; Mak, G.; Yao, W.; Jiang, H. ADRIATIC: A phase III trial of durvalumab ± tremelimumab after concurrent
chemoradiation for patients with limited stage small cell lung cancer. Ann. Oncol. 2019, 30, ii25. [CrossRef]

90. Ross, H.J.; Hu, C.; Higgins, K.A.; Jabbour, S.K.; Kozono, D.E.; Owonikoko, T.K.; Movsas, B.; Solberg, T.; Xiao, C.; Williams, T.M.;
et al. NRG Oncology/Alliance LU005: A phase II/III randomized clinical trial of chemoradiation versus chemoradiation plus
atezolizumab in limited stage small cell lung cancer. J. Clin. Oncol. 2020, 38, TPS9082. [CrossRef]

91. Burris, H.A.; Tibbitts, J.; Holden, S.N.; Sliwkowski, M.X.; Lewis Phillips, G.D. Trastuzumab Emtansine (T-DM1): A Novel Agent
for Targeting HER2+ Breast Cancer. Clin. Breast Cancer 2011, 11, 275–282. [CrossRef] [PubMed]

92. Verma, S.; Miles, D.; Gianni, L.; Krop, I.E.; Welslau, M.; Baselga, J.; Pegram, M.; Oh, D.-Y.; Diéras, V.; Guardino, E.; et al.
Trastuzumab Emtansine for HER2-Positive Advanced Breast Cancer. N. Engl. J. Med. 2012, 367, 1783–1791. [CrossRef] [PubMed]

93. von Minckwitz, G.; Huang, C.-S.; Mano, M.S.; Loibl, S.; Mamounas, E.P.; Untch, M.; Wolmark, N.; Rastogi, P.; Schneeweiss,
A.; Redondo, A.; et al. Trastuzumab Emtansine for Residual Invasive HER2-Positive Breast Cancer. N. Engl. J. Med. 2019,
380, 617–628. [CrossRef]

94. Ogitani, Y.; Hagihara, K.; Oitate, M.; Naito, H.; Agatsuma, T. Bystander killing effect of DS-8201a, a novel anti-human epidermal
growth factor receptor 2 antibody–drug conjugate, in tumors with human epidermal growth factor receptor 2 heterogeneity.
Cancer Sci. 2016, 107, 1039–1046. [CrossRef]

95. Cortés, J.; Kim, S.B.; Chung, W.P.; Im, S.A.; Park, Y.H.; Hegg, R.; Kim, M.H.; Tseng, L.M.; Petry, V.; Chung, C.F.; et al. Trastuzumab
Deruxtecan versus Trastuzumab Emtansine for Breast Cancer. N. Engl. J. Med. 2022, 386, 1143–1154. [CrossRef]

96. Ohba, A.; Morizane, C.; Kawamoto, Y.; Komatsu, Y.; Ueno, M.; Kobayashi, S.; Ikeda, M.; Sasaki, M.; Furuse, J.; Okano, N.; et al.
Trastuzumab deruxtecan (T-DXd; DS-8201) in patients (pts) with HER2-expressing unresectable or recurrent biliary tract cancer
(BTC): An investigator-initiated multicenter phase 2 study (HERB trial). J. Clin. Oncol. 2022, 40, 4006. [CrossRef]

97. Uprety, D.; Remon, J.; Adjei, A.A. All That Glitters Is Not Gold: The Story of Rovalpituzumab Tesirine in SCLC. J. Thorac. Oncol.
2021, 16, 1429–1433. [CrossRef] [PubMed]

https://doi.org/10.1002/cncr.21000
https://doi.org/10.1158/1078-0432.CCR-08-0332
https://www.ncbi.nlm.nih.gov/pubmed/18829487
https://doi.org/10.1093/annonc/mdy425.021
https://doi.org/10.1016/j.lungcan.2005.12.002
https://www.ncbi.nlm.nih.gov/pubmed/16488055
https://doi.org/10.1016/j.canlet.2009.03.038
https://doi.org/10.1158/1078-0432.CCR-13-1663
https://doi.org/10.1182/blood-2018-99-120172
https://doi.org/10.1038/icb.2014.93
https://doi.org/10.1200/JCO.22.02823
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS8576
https://clinicaltrials.gov/ct2/show/NCT03392064
https://doi.org/10.1080/14712598.2019.1592155
https://doi.org/10.1158/1538-7445.AM2022-CT024
https://doi.org/10.1056/NEJMc1900407
https://www.ncbi.nlm.nih.gov/pubmed/30855760
https://doi.org/10.1093/annonc/mdz071.007
https://doi.org/10.1200/JCO.2020.38.15_suppl.TPS9082
https://doi.org/10.1016/j.clbc.2011.03.018
https://www.ncbi.nlm.nih.gov/pubmed/21729661
https://doi.org/10.1056/NEJMoa1209124
https://www.ncbi.nlm.nih.gov/pubmed/23020162
https://doi.org/10.1056/NEJMoa1814017
https://doi.org/10.1111/cas.12966
https://doi.org/10.1056/NEJMoa2115022
https://doi.org/10.1200/JCO.2022.40.16_suppl.4006
https://doi.org/10.1016/j.jtho.2021.07.012
https://www.ncbi.nlm.nih.gov/pubmed/34425994


Int. J. Mol. Sci. 2023, 24, 8129 17 of 17

98. Meador, C.B.; Digumarthy, S.; Yeap, B.Y.; Farago, A.F.; Heist, R.S.; Marcoux, J.P.; Rangachari, D.; Barbie, D.A.; Piotrowska, Z.
Phase I/II investigator-initiated study of olaparib and temozolomide in SCLC: Updated analysis and CNS outcomes. J. Clin.
Oncol. 2022, 40, 8565. [CrossRef]

99. Hellmann, M.D.; Callahan, M.K.; Awad, M.M.; Calvo, E.; Ascierto, P.A.; Atmaca, A.; Rizvi, N.A.; Hirsch, F.R.; Selvaggi,
G.; Szustakowski, J.D.; et al. Tumor Mutational Burden and Efficacy of Nivolumab Monotherapy and in Combination with
Ipilimumab in Small-Cell Lung Cancer. Cancer Cell 2018, 33, 853–861.e4. [CrossRef] [PubMed]

100. Almodovar, K.; Iams, W.T.; Meador, C.B.; Zhao, Z.; York, S.; Horn, L.; Yan, Y.; Hernandez, J.; Chen, H.; Shyr, Y.; et al. Longitudinal
Cell-Free DNA Analysis in Patients with Small Cell Lung Cancer Reveals Dynamic Insights into Treatment Efficacy and Disease
Relapse. J. Thorac. Oncol. 2018, 13, 112–123. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1200/JCO.2022.40.16_suppl.8565
https://doi.org/10.1016/j.ccell.2018.04.001
https://www.ncbi.nlm.nih.gov/pubmed/29731394
https://doi.org/10.1016/j.jtho.2017.09.1951
https://www.ncbi.nlm.nih.gov/pubmed/28951314

	Introduction 
	Pathological and Genomic Profiles of SCLC 
	Current Standard Treatment 
	Limited Stage SCLC 
	Extensive Stage SCLC 

	Recurrent Disease 
	Chemotherapy 
	Immunotherapy 
	Alkylating Agent—Lurbinectedin 

	Emerging Therapies 
	Antibody–Drug Conjugates (ADCs) 
	DLL-3 Targeting ADCs 
	TROP-2 Directed ADCs 

	PARP Inhibitors 
	Anti-Angiogenesis 
	Tyrosine Kinase Inhibitors 
	Bispecific T-Cell Engagers 

	Discussion 
	Conclusions 
	References

